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METHOD AND SYSTEM FOR
CONFIGURATION OF A MEDICAL DEVICE
THAT STIMULATES A HUMAN
PHYSIOLOGICAL SYSTEM

BACKGROUND

When a medical device such as hearing prosthesis is
implanted in a human recipient, there is generally a need to
configure the device with one or more operational settings to
help ensure comfortable use of the device by the recipient.
Further, as the device is used over time, there may be a need
to recalibrate or adjust configuration of the device, to help
ensure continued comfortable use.

A typical hearing prosthesis, for example, functions to
receive auditory signals and to correspondingly stimulate the
recipient’s hearing system, for instance by aiding in conduc-
tion of sound waves to or through the ear canal or middle ear,
or by directly or indirectly stimulating the recipient’s audi-
tory nerve or brain stem. In practice, such a prosthesis may
thus be programmed or otherwise arranged to map between
various levels of received auditory signals and corresponding
levels of stimulation to be applied.

One of the operational parameters or settings of such a
prosthesis is a maximum comfort level, or “C-level”, which
defines the maximum allowable level of stimulation that does
not produce an uncomfortable loudness sensation for the
recipient. Ideally, the C-level should be set to a level that is
high enough to allow adequate stimulation to the recipient but
to avoid overstimulation and possibly resulting pain or injury
to the recipient.

In general, the C-level for a given prosthesis may vary from
person to person and must therefore be individually set for a
person after implantation of the prosthesis. Conventionally,
this “fitting” or configuration process is manually carried out
by an audiologist, clinician, or other healthcare professional,
by applying stimulation pulses and then receiving an indica-
tion from the recipient as to the hearing perception and the
level of comfort of the resulting sound.

Unfortunately, however, this fitting process is typically
quite time consuming. Further, in locations where there is a
lack of adequate audiological infrastructure and/or trained
clinicians, a hearing prosthesis may not be optimally fitted for
each particular recipient. Moreover, since this fitting proce-
dure relies on subjective measurements, children and pre-
lingually deafor congenitally deaf patients are often unable to
provide an adequate impression of the hearing sensation
resulting from the stimulation test pulses. This further com-
plicates the process, potentially resulting in poor fitting of the
prosthesis.

Yet further, it would be desirable to provide a mechanism to
perform this fitting process during or immediately after sur-
gical implantation of the prosthesis, to help ensure that the
implant is performing properly before closing up the patient.
Again in this scenario, however, it may be impossible to
obtain subjective feedback from the recipient.

SUMMARY

The present disclosure provides an improved method and
corresponding system for configuring a medical implant such
as a hearing prosthesis. In particular, the disclosure relates to
amedical devicethat is at least partially implanted in a human
recipient and that includes a transducer arranged to stimulate
aphysiological system of the recipient. An example of such a
device is a middle-ear implant in which a transducer is vibra-
tionally coupled with the middle ear and functions to induce
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2

vibrations of the cochlea that correspond with externally
received auditory signals, so as to help improve hearing.

In one respect, the disclosed method involves successively
increasing the energy level of a signal that drives the trans-
ducer until a determination is made that there is a threshold
electrical change indicative of a threshold change in imped-
ance of the transducer, and then using the energy level of the
signal at that point as a basis to set an operational parameter
of'the medical device. By way of example, the energy level of
the signal at the point of threshold pressure change in the
recipient can be used as a basis to set a maximum allowable
energy level for the signal, on grounds the threshold change in
pressure may correspond with a comfortable limit of stimu-
lation.

While the disclosed method may be usefully applied with
respect to various types of medical implants, the method is
particularly useful with respect to middle-ear implants of the
type described above for instance. In that context, the thresh-
old electrical change indicative of the threshold change in
impedance of'the transducer may directly correspond with the
occurrence of an acoustic reflex (e.g., stapedius reflex or
tensor tympani contraction), and the acoustic reflex may have
a defined, or at least somewhat predictable, relationship with
an uncomfortable loudness level for the recipient. Therefore,
when the threshold electrical change is detected in the recipi-
ent upon increase of the energy level that drives the trans-
ducer, a reasonable assumption is that the recipient experi-
enced an acoustic reflex at that new energy level.
Consequently, it would be advantageous to use that new
energy level as a basis to set a maximum allowable energy
level of the signal that drives the transducer, to help ensure
comfort for the recipient.

In another respect, the disclosed method may involve suc-
cessively increasing the energy level of a signal that drives the
transducer until a determination is made that there is a thresh-
old change in pressure in the recipient, and then using the
energy level of the signal at that point as a basis to set an
operational parameter of the medical device. By way of
example, the energy level of the signal at the point of thresh-
old pressure change in the recipient may be indicative of a
threshold change in impedance of the transducer and may
therefore be used as a basis to set a maximum allowable
energy level for the signal, on grounds the threshold change in
impedance of the transducer may correspond with a comfort-
able limit of stimulation.

Several example methods and corresponding arrange-
ments are disclosed for detecting such a threshold change in
pressure in the implant recipient. According to one method,
the threshold change in pressure is detected by detecting a
threshold change of impedance of the transducer itself. The
theory here is that when the acoustic reflex occurs, the con-
traction caused by the acoustic reflex will cause the trans-
ducer to change position in relation to the oval window of the
ear or in relation to its initial position, and that change in
position of the transducer will result in a change in mechani-
cal impedance against which the transducer works, which
may in turn result in a change in electrical impedance of the
transducer. In practice, this change in impedance of the trans-
ducer can be conveniently detected by measuring a dispro-
portionate change in current or voltage across a circuit com-
ponent that is in series with the transducer, such as another
electrical component of the implant system.

According to another method, the threshold change in pres-
sure is detected by applying a microphone in the recipient’s
ear canal, preferably isolated from external acoustics by an
earplug, to detect a change in pressure. The theory here is that
the acoustic reflex would tend to change the pressure in the
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recipient’s air canal, and a microphone would pick up that
change in pressure and present the change as a corresponding
electrical signal. Advantageously, since an acoustic reflex
may occur bilaterally, a microphone placed in one ear of the
recipient may detect the change in pressure caused by a
middle-ear implant positioned in the recipient’s other ear.

These as well as other aspects, advantages, and alternatives
will become apparent to those of ordinary skill in the art by
reading the following detailed description, with reference
where appropriate to the accompanying drawings. Further, it
should be understood that the description throughout by this
document, including in this summary section, is provided by
way of example only and therefore should not be viewed as
limiting.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1is adiagram of an example medical device or system
operable within the present method.

FIG. 2 is a simplified block diagram depicting functional
components that may be involved in implementing the
method.

FIG. 3 is circuit diagram depicting an example arrange-
ment for detecting threshold change in impedance of a trans-
ducer in accordance with the method.

FIG. 4 is a diagram depicting an alternative example
arrangement for detecting threshold change in pressure in
accordance with the method.

FIG. 5 is a flow chart depicting functions that can be carried
out in accordance with an example implementation of the
method.

DETAILED DESCRIPTION

The present method will be described herein principally
with respect to a medical device of the type comprising a
transducer vibrationally coupled with a recipient’s middle-
ear. However, the method is not necessarily restricted to that
specific arrangement and could apply as well with respect to
other medical devices now known or later developed, includ-
ing but not limited to bone anchored hearing aid devices or
other devices for instance.

Referring to the drawings, as noted above, FIG. 1 is a
diagram of an example medical device or system 12 compris-
ing an external component assembly 14 and an internal (e.g.,
implanted) component assembly 16. Although certain com-
ponents of the medical device are thus shown being external
to the recipient and other components are shown being
implanted within the recipient, it will be understood that
variations are possible. For instance, certain control and pro-
cessing components that are shown external to the recipient
may instead be provided internal to the recipient. Indeed, with
progress in technology, it may be possible for the entire
medical device to be implanted in the recipient, perhaps with
the exception of a discretely positioned external microphone
and/or inductively coupled battery unit.

More generally, it should be understood that the specific
configuration shown in FIG. 1 and in the other figures is
merely representative of numerous possible configurations
now known or later developed and that variations are there-
fore possible. For instance, certain components or combina-
tions of components can be combined, distributed, re-posi-
tioned, re-ordered, omitted, added, or otherwise modified.

As shown in FIG. 1, external assembly 14 comprises a
behind the ear (BTE) speech processing unit 18, connected
with a transmit/receive unit 20 having an inductive coupling
coil 22. (Alternatively or additionally, other processing units,
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such as an in-the-ear (ITE) processor or a button-processor,
could be used.) The BTE unit includes a microphone 24 for
detecting sound, which is then processed by electronics
within the BTE unit to generate coded signals, typically
including analog to digital conversion. The coded signals are
then provided to transmit/receive unit 20, which transmits the
signals via coil 22 to the internal component assembly. The
BTE unit may further include a battery (not shown) and may
be arranged to inductively couple power from the battery to
the internal component assembly.

Internal component assembly 16 includes a transmit/re-
ceive unit 26 having an inductive coupling coil (not shown)
arranged to communicate with external coil 22, so as to facili-
tate transmission of coded signals and power between the
external and internal assemblies. Internal assembly then
includes a stimulator unit 28 that is arranged to generate and
provide a signal via link 30 to a transducer 32. Transducer 32
is shown positioned at the middle-ear 34. In practice, for
instance, the transducer may be surgically positioned to sit on
the middle ear bones and arranged such that vibration of the
transducer will impact the oval window (e.g. tympanic mem-
brane or stapes) or other stimulation point, so as to deliver
vibrations in turn to the cochlea 36.

With this arrangement, in normal operation, when micro-
phone 24 receives audio 38 such as speech, external assembly
14 delivers corresponding coded signals to the internal
assembly 16. Stimulator unit 28, in turn, generates a signal
having an energy level corresponding with the received coded
signals, and thus with the received audio, and uses the signal
to drive transducer 32. Transducer 32 then vibrates to an
extent corresponding with the energy level of the signal, and
the resulting vibration of the middle-ear 34 vibrates fluid in
the cochlea 36, which in turn stimulates auditory nerve sys-
tem 40. This direct acoustic cochlear stimulation mechanism
can help to overcome conductive hearing loss issues.

As noted above, the present method can be usefully applied
in this type of arrangement by detecting a threshold change in
pressure that results from the acoustic reflex, and accordingly
setting an operational parameter of the device.

The acoustic reflex (e.g., stapedius reflex or tensor tym-
pani) is an involuntary muscle contraction that occurs in the
middle ear of mammals in response to high-intensity sound
stimuli. Further, in humans, the stapedius reflex is also
invoked when the human vocalizes. In humans, the vocaliza-
tion-induced stapedius reflex reduces sound pressure levels
reaching the inner ear hair cells by approximately 20 decibels,
by causing an acousto-mechanical increase impedance.

The acoustic reflex has two different pathways: (i) ipsilat-
eral, which results in acoustic reflex in same ear where the
loud sound is received, and (ii) contralateral, which results in
acoustic reflex in the contralateral ear, i.e., the other ear. In
particular, upon receipt of loud sound in a human ear, the
sound waves result in vibration of the middle-ear and in turn
the cochlear fluid, which results in stimulation of the auditory
nerve and consequent signaling to the superior olivary com-
plex of the brainstem. The brainstem then signals back to the
middle ear of both ears, to trigger the acoustic reflex in each
ear.

The threshold level of sound required to trigger the acous-
tic reflex in a person tends to vary with the hearing threshold
of person. Further, the uncomfortable loudness level for a
person (typically higher than the level that causes the acoustic
reflex) will tend to vary depending on the person’s hearing
threshold. In particular, as the person’s hearing threshold
increases, the person’s uncomfortable loudness level will
gradually increase, although normally not linearly. Thus, as a
person’s acoustic reflex threshold increases, the person’s
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uncomfortable loudness level would likely increase as well.
Given this, the present method can help configure the C-level,
the most comfortable level, or other such operational param-
eters of the middle-ear implant.

Further, as noted above, it would be desirable to provide for
fitting during or immediately after surgical implantation of
the prosthesis. This is particularly so with middle-ear
implants, as it is generally quite difficult to predict the exact
excitation levels that will correspond with a specific hearing
level. One reason for this difficulty is that the excitation levels
can differ up to 60 dB depending on the exact location of the
implant. By performing a “first fit” during surgery, it may be
possible to help ensure that the implant sits in the correct
location and to ensure that the patient can hear the signals.
Further, the present method again facilitates better prediction
of'the C-level and the like, so that the implant settings can be
optimized right from the start.

FIG. 2 is next a simplified block diagram depicting func-
tional components involved in implementing the method by
way of example. The arrangement of FIG. 2 includes a con-
troller 50, a signal generator 52, an amplifier 54, and trans-
ducer 32, with the transducer being vibrationally coupled
with the middle ear bones 56 so as to facilitate delivering
vibrations to the cochlea 36. As noted above, these compo-
nents can be integrated, distributed or arranged in ways other
than that shown.

In the example arrangement, controller 50 functions gen-
erally to control operation of the middle-ear implant device in
normal practice and further to facilitate implementation of the
present method. As such, the controller may be part of the
external component assembly 14, including the speech pro-
cessing unit 18 for instance, or part of the internal component
assembly 16, including the stimulator unit 28 for instance, or
may include components of both assemblies possibly coupled
together by an inductive link or other wireless or wired con-
nection.

Furthermore or alternatively, the controller 50 may include
a separate device, such as a portable computer or handheld
computing device, which may be communicatively linked
with the external assembly and/or internal assembly by a
wireless or wired connection. Such a separate device may be
arranged to manage implementation of the present method
specifically, by controlling components of the external
assembly and/or the internal assembly, and may thus be oper-
ated by an audiologist, clinician, or other healthcare profes-
sional to facilitate automatic configuration of the implant.

As shown, controller 50 may include one or more proces-
sors 58, such as one or more general purpose processors (e.g.,
microprocessors) and/or one or more special purpose proces-
sors (e.g., application specific integrated circuits or digital
signal processing units). Further, controller 50 may include
one or more volatile and/or non-volatile data storage compo-
nents 60, such as magnetic, optical, organic, or flash memory
for instance. As further shown, data storage 60 functions to
hold operational parameter data 62 defining one or more
operational parameters of the middle-ear implant, such as
C-level values for instance. Further, data storage 60 also
functions to hold program instructions 64 executable by pro-
cessor(s) 58 to carry out various functions described herein.

Signal generator 52 functions to generate a signal that
drives the transducer. In practice, the signal may be pulse
width modulated, having a pulse width that defines its energy
level or relative energy level. Signal generator 52 may be
implemented by a digital signal processor that is part of
controller 50, within the internal assembly or the external
assembly. Further, controller 50 may generally control oper-
ating of signal generator 52 may be generally controlled by
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logic of controller 50, to facilitate changing the energy level
of'the signal such as progressively increasing the energy level
until a threshold change in pressure is detected.

Amplifier 54, in turn, functions to amplify the signal pro-
duced by signal generator 52, so as to provide an output signal
that generates current sufficient to drive the transducer 32. As
such, the amplifier could be a class A, B, or D amplifier for
instance and could be configured to amplify the output of
signal generator 52 to provide a pulse width modulated signal
that varies between plus and minus 1 volt or some other
designated level. Although the energy level of the pulse width
modulated signal is optimally adjusted by varying the width
of the pulses as noted above, the energy level could alterna-
tively or additionally be adjusted by varying the amplitude of
the pulses or by otherwise adjusting the amplitude of the
output signal.

Transducer 32 (also known as an actuator) generally func-
tions to convert between an electrical signal (or perhaps an
optical or other signal) and pressure. As such, the transducer
may comprise a piezoelectric transducer, and electromag-
netic transducer, or other type of transducer now known or
later developed.

In the specific context of the example middle-ear implant
depicted in FIG. 1, transducer 32 is mounted on the middle ear
bones 34 and functions to convert between an electrical signal
generated by the signal generator/amplifier 52, 54 and vibra-
tional energy that vibrates the middle ear 34 and in turn the
cochlea 36 and thereby stimulates the auditory nerve. Under
control of the controller 50, as the signal generator/amplifier
increases the energy level of the signal that it provides to drive
the transducer, the extent of this vibration to the middle ear
and cochlea will correspondingly increase, ultimately result-
ing in the acoustic reflex.

As further shown in FIG. 2, controller 50 (e.g., speech
processor 18 of the external assembly 14) is coupled with
microphone 24. In normal operation of the implant, as noted
above, the microphone 24 may thus receive audio input such
as speech, and the controller 50 may digitize the input and
provide a coded signal to the stimulator unit 28. Stimulator
unit 28, and particularly signal generator 52 and amplifier 54,
may then generate and provide a signal with a corresponding
energy level to drive the transducer 32.

In accordance with the present method, controller 50 will
be further coupled with a pressure sensor 66, to facilitate
detecting when a threshold change in pressure occurs in the
implant recipient as the controller is causing a progressive
(e.g., step by step) increase in the energy level of the signal
that drives the transducer 32. This pressure sensing can be
carried out in various innovative ways, regardless of whether
an actual “pressure” is determined or other representative
measure (e.g., representative change in impedance or other
electrical characteristic) is determined

As noted above, one way to detect a threshold change in
pressure resulting from increase in energy level of the signal
that drives the transducer 32 is to detect a threshold change in
impedance of the transducer itself, since the transducer 32
will likely experience a change in pressure and corresponding
change in electrical impedance when the acoustic reflex
occurs. This implementation may thus involve detecting the
change in impedance of the very element (the transducer) that
is itself causing the vibration that likely triggers the acoustic
reflex.

This change in impedance of the transducer 32 can be
measured by detecting an electrical change indicative of a
change in the impedance. For instance, the change in imped-
ance of the transducer can be measured by monitoring voltage
or current across a shunt resistor or other component that is



US 9,313,589 B2

7

provided in series with the transducer or that is provided in
some other configuration such that it would be affected by
change in impedance of the transducer. The other component
can be provided in the implant device specifically for pur-
poses of detecting a threshold change in impedance of the
transducer. Alternatively, the other component can be a com-
ponent of the implant device that also serves some other
purpose in the implant circuit and that is leveraged by the
present method to facilitate detecting threshold change in
impedance of the transducer. For example, the other compo-
nent could be an ESD diode or resistor that exists for electrical
protection in the implant.

FIG. 3 depicts a simplified example of one such arrange-
ment.

As shown in FIG. 3, the implant device includes an elec-
trical circuit in which signal generator/amplifier 52, 54 pro-
vides a signal with an energy level sufficient to drive trans-
ducer 32, and a shunt resistor 68 (e.g., ESD diode or other
component) is provided in series between the signal genera-
tor/amplifier and the transducer. Optimally, the shunt resistor
68 will have a fixed impedance Z 4, . Further, in isolation,
the transducer will have an impedance 7, which may or may
not be known.

With this arrangement, when the signal generator/amplifier
52, 54 provides a signal of particular energy level to drive the
transducer 32, the voltage of that signal would be split
between the transducer 32 and the shunt resistor 68 in pro-
portion to the respective impedances of those components.
Further, the current that flows through the shunt resistor 68
would be equal to the input signal energy level divided by the
sum of the Z g7, nrand 7.,

Consequently, as long as there is no change in the imped-
ance of the transducer, both the voltage and current across the
shunt resistor should increase proportionately as the energy
level of the input signal increases. However, if and when the
energy level ofthe input signal increases to a point that causes
the impedance of the transducer to change (e.g., due to the
acoustic reflex as discussed above), the result would be that
the change in voltage and current across the shunt resistor
would be disproportionate to the change in energy level of the
input signal.

As a specific example, assume that the signal generator/
amplifier 52, 54 increases the energy level of the input signal
in increments of 5 dB. All other factors being equal, the
change in current across the shunt resistor should be the same
for each step up in input signal energy level, and the change in
voltage across the shunt resistor should be the same for each
step up in input signal energy level. As soon as a step up in the
energy level results in a change in impedance of the trans-
ducer, however, the resulting change in current across the
shunt resistor will be different than the change in current that
was observed for each other step up in energy level. Likewise,
the resulting change in voltage across the shunt resistor will
also be different than the change in voltage that was observed
for each other step up in energy level.

Pressure sensor 66 can be arranged to monitor the voltage
or current across shunt resistor 68 and to provide the resulting
reading to controller 50. As the controller thus steps up the
energy level of the signal that drives the transducer, the con-
troller may determine when there is a disproportionate
change in voltage or current across the shunt resistor, at which
point controller may note the energy level of the signal and
use that energy level as a basis to set the C-level or other
operational parameter of the implant device.

The circuit arrangement shown in FIG. 3 is merely one
example of possibly many circuit configurations that can be
used to detect a threshold change in impedance of the trans-
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ducer as the energy level of the signal driving the transducer
increases. Another example circuit may be a wheatstone
bridge, which functions in a known manner to measure an
unknown impedance. In practice, such a circuit could be
implemented to regularly to more directly measure the elec-
trical impedance of the transducer 32. Other example
arrangements are possible as well.

As further noted above, another way to detect a threshold
change in pressure resulting from increase in energy level of
the signal that drives transducer 32 is to apply a microphone
isolated in the recipient’s ear canal to detect the change in
pressure. FIG. 4 shows such an arrangement by way of
example.

As shown in FIG. 4, a microphone 24 is placed within the
recipient’s ear canal 70, either the same ear in which the
middle-ear implant is provided, or the contralateral ear. Fur-
ther, to help isolate the microphone and allow the microphone
to detect a change in pressure within the ear canal, an ear plug
72 may be inserted into the ear canal 70 behind the micro-
phone. Electrical leads to the microphone may be fed through
the ear plug and coupled with controller 50 to facilitate moni-
toring for a change in pressure. Alternatively, the microphone
may itself be integrated with an earplug, and the integrated
earplug/microphone may be inserted into the recipient’s ear
canal.

Optimally, the microphone will be positioned as far into the
ear canal as is practical and safe (perhaps somewhere on the
ossicular chain), so that the microphone can best pick up a
change in pressure of the type that may result from the acous-
tic reflex. In an example implementation, the microphone 24
may be a piezoelectric microphone, which may operate in
much the same way that transducer 32 operates to convert
between pressure and an electrical signal. Thus, when a suf-
ficient change in pressure occurs within the recipient’s ear, a
corresponding electrical signal would flow to controller 50,
and controller 50 may treat its receipt of that signal as an
indication that the acoustic reflex occurred.

In practice, controller 50 may thus progressively step up
the energy level of the signal that drives the transducer in the
middle-ear implant, while monitoring for a signal from
microphone 24 that would indicate threshold pressure change
or specifically acoustic reflex. Upon detecting that threshold
pressure change, the controller 50 may then note the energy
level of the signal and use that energy level as a basis to set the
C-level or other operational parameter of the implant device.

In another embodiment, it may be possible to position such
amicrophone and earplug in the same ear that has the middle-
ear implant. Provided that the microphone is situated in the
ear canal of that ear close enough to the oval window, stapes,
or other portion of the middle ear that would move upon
occurrence of the acoustic reflex, the microphone in that ear
may equally well pick up a change of pressure, and the energy
level of the signal at that point may likewise be used as a basis
to set the C-level or other operational parameter of the
implant device.

In still another alternative embodiment, a threshold change
in pressure in one ear of the recipient may be detected by
evaluating a change of impedance of a middle-ear transducer
implanted in the recipient’s other ear. For instance, if the
recipient has middle-ear transducer implants in each ear, the
controller 50 could be communicatively linked with and con-
trol both implants. In practice, when the energy level of a
signal provided to drive one of the transducers reaches a point
where the acoustic reflex occurs, the acoustic reflex would
occur bilaterally as noted above. Thus, the controller could
apply a pressure sensor in the other ear to detect a change of
impedance of the transducer in that other ear. Upon detecting
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that change of pressure, the controller may then likewise set
the C-level or other operational parameter accordingly.

FIG. 5 is next a flow chart depicting functions that can be
carried out in accordance with the present method to facilitate
setting one or more operational parameters of a medical
device such as the middle-ear implant discussed above. Opti-
mally, these functions may be carried out in accordance with
logic in the controller 50, so as to automatically configure the
medical device to operate comfortably for the recipient. In
practice, the method may be initiated by an audiologist or
other healthcare professional, such as by switching the con-
troller to an auto-configuration or self-configuration mode for
instance.

The example method begins with controller 50 causing
signal generator/amplifier 52, 54 to provide a signal with a
particular energy level sufficient to drive the transducer in the
medical device. In the manner discussed above, this will
result in stimulation of a physiological system of the recipi-
ent, as the transducer vibrates the middle ear bones and in turn
the cochlea, thereby leading to stimulation of the auditory
nerve.

As shown in FIG. 5, at block 80, the method then involves
progressively varying the energy level of the signal provided
to drive the transducer. In practice, this progressive variance
of the signal may involve progressively stepping up the
energy level of the signal in defined increments, such as 5 dB
increments for instance.

This progressive change in the energy level of the signal
can be achieved in various ways. By way of example, this
function can be carried out by the speech processor 18, which
normally functions to receive sounds and to map those sounds
to coded signals that result in generation of the corresponding
signal to drive the transducer 32. In practice, the speech
processor could operate in an auto-configuration mode to
internally generate coded signals that correspond with vari-
ous sounds, such as narrow or wide band limited noise, chirps,
sine tones, and so forth, and at various different frequencies.
The speech processor may progressively step up the volume
of its internally simulated sounds, and the corresponding
coded signals may thus trigger progressively higher energy
levels of the signal that drives the transducer.

As another example, and to provide greater control over the
stepwise increases in energy level of the signal that drives the
transducer, the stimulator unit 28 may operate in an auto-
configuration mode in which it programmatically causes the
signal generator 52 and/or amplifier 54 to progressively step
up the energy level of the signal. Other examples may be
possible as well.

At block 82, the method then involves, upon varying the
energy level of the signal, determining the energy level of the
signal at which a threshold change in pressure occurs within
the recipient. As noted above, this function may involve deter-
mining the energy level of the signal when a threshold change
in impedance of the transducer is detected, or more particu-
larly when a disproportionate change in current, voltage, or
some other electrical characteristic across another circuit
component is detected. Alternatively, this function may
involve detecting a threshold change in pressure by applying
amicrophone in the ear canal or evaluating transducer imped-
ance or other electrical circuit characteristics in either ear.

Atblock 84, the method next involves using the determined
energy level as a basis to set an operational parameter of the
medical device. As noted above, an example of such an opera-
tional parameter is a maximum allowable energy level of the
signal, which may represent the maximum level of the signal
before the recipient may experience the sensation of uncom-
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fortable loudness. In particular, with a middle-ear implant of
the type discussed above, the operational parameter may be a
C-level.

Typically, a person will experience the acoustic reflex at a
threshold sound level that is somewhat lower than the level of
uncomfortable loudness for the person. Consequently, it
would be advantageous to set the C-level of the device to an
energy level that is some predefined delta higher than the
energy level was at the time the acoustic retlex seems to have
occurred. By way of example, the controller could set the
C-level to an energy level that is 20 to 30 dB higher than the
determined energy level was.

In practice, once the controller 50 has determined the
operational parameter value to set, the controller 50 may then
record the determined operational parameter value among
values 62 in data storage 60. When the middle-ear implant is
then used in normal practice, the controller 50 may apply that
operational parameter value. For instance, if the operational
parameter is a C-level, the controller 50 may limit the energy
level of the signal output by the signal generator/amplifier 52,
54 to be no greater than the recorded C-level.

As noted above, the present method can be implemented
automatically by or at the direction of controller 50. Thus, the
controller or other components operating under direction of
or in connection with the controller may represent means for
progressively varying the energy level of the signal provided
to drive the transducer, means to determine the energy level of
the signal at which there is a threshold electrical change
indicative of a threshold change in impedance of the trans-
ducer, or to determine an energy level of the signal at which a
threshold change in pressure occurs within the recipient, and
means to use the determined energy level as a basis to con-
figure an operational parameter of the medical device.

Furthermore, a middle-ear implant system may thus be
provided with self-configuration functionality, so that when
the system is at least partially implanted in a human recipient,
the system can be automatically configured in a manner that
helps to ensure comfortable use by the recipient. In line with
the discussion above, such a system may include a transducer
arranged to be mechanically coupled with a middle ear within
the recipient, a signal generator for providing a signal to drive
the transducer, a circuit component in electrical series with
the transducer and signal generator, and a controller that
controls the self-configuration process. In particular, the con-
troller may be arranged to (i) to progressively vary energy
level of the signal provided by the signal generator, (ii) upon
varying the energy level of the signal, to determine the energy
level of the signal when a threshold disproportionate change
in voltage or current occurs across the circuit component, and
(iii) to automatically set an operational parameter of the
medical device based on the determined energy level of the
signal.

Exemplary embodiments have been described above. It
should be understood, however, that numerous variations
from the embodiments discussed are possible, while remain-
ing within the scope of the invention.

We claim:

1. A method comprising:

progressively varying an energy level of a signal provided

to drive a transducer in a medical device that is at least
partially implanted in a human recipient, the transducer
being arranged to stimulate a physiological system of
the recipient;

upon varying the energy level of the signal, determining the

energy level of the signal at which there is a threshold
electrical change indicative of a threshold change in
impedance of the transducer; and
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using the determined energy level as a basis to configure an

operational parameter of the medical device,

wherein determining the energy level of the signal at which

there is a threshold electrical change indicative of a
threshold change in impedance of the transducer com-
prises determining when a circuit component in series
with the transducer experiences a change in an electrical
characteristic that is threshold disproportionate to
change in the energy level of the signal provided to drive
the transducer, wherein the change in the electrical char-
acteristic is the threshold disproportionate change in the
electrical characteristic, whereby the disproportionate
change in the electrical characteristic of the circuit com-
ponent results from the threshold change in impedance
of the transducer.

2. The method of claim 1, wherein the circuit component
comprises a diode or a resistor.

3. The method of claim 1, wherein the threshold change in
impedance of the transducer occurs upon the recipient expe-
riencing an acoustic reflex, thereby changing a pressure
against which the transducer vibrates, whereby the deter-
mined energy level corresponds with an occurrence of the
acoustic reflex.

4. The method of claim 3, wherein the operational param-
eter of the device comprises a maximum energy level of the
signal.

5. The method of claim 4, wherein setting the operational
parameter of the device comprises setting the maximum
energy level of the signal to be alevel that is a predefined delta
higher than the determined energy level.

6. The method of claim 5, wherein the predefined delta is
20 to 30 dB.

7. The method of claim 4, wherein the operational param-
eter defines a comfort level (C-level) for the recipient.

8. The method of claim 1, wherein determining the energy
level of the signal at which there is the threshold electrical
change comprises, while progressively varying the energy
level of the signal provided to drive the transducer:

monitoring the electrical characteristic of the circuit com-

ponent; and

detecting, by the monitoring, when there is the change in

the electrical characteristic that is threshold dispropor-
tionate to a change in the energy level of the signal
provided to drive the transducer.

9. The method of claim 8, wherein the operational param-
eter of the medical device comprises a maximum energy level
of the signal.

10. The method of claim 9, wherein setting the operational
parameter of the medical device comprises setting the maxi-
mum energy level of the signal to be a level that is a predefined
delta higher than the determined energy level.

11. The method of claim 10, wherein the predefined delta is
20 to 30 dB.

12. The method of claim 1, wherein the transducer is
implanted in a middle ear of the recipient, and the physiologi-
cal system comprises an auditory nerve system, wherein driv-
ing the transducer causes the transducer to vibrate, which
causes the middle ear to vibrate, which leads to vibration of
cochlear fluid and in turn stimulation of the auditory nerve
system.

13. The method of claim 1, wherein, in normal operation,
the medical device generates the signal with an energy level
corresponding with an external audio input.

14. The method of claim 1, wherein the medical device
comprises a controller, wherein progressively varying the
energy level of the signal provided to drive the transducer
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comprises the controller automatically progressively step-
ping up the energy level of the signal.

15. The method of claim 1, carried out automatically.

16. The method of claim 1, wherein the circuit component
provides electrical protection for an implanted component of
the medical device.

17. The method of claim 1, wherein the circuit component
serves a function in the medical device beyond being used in
the method as a basis to detect the threshold change in imped-
ance of the transducer.

18. A method comprising:

progressively varying an energy level of a signal provided
to drive a transducer (i) implanted in a human recipient
and (ii) vibrationally coupled with a middle ear of the
recipient, the transducer being a component of a medical
device and being arranged to stimulate a physiological
system of the recipient;

upon varying the energy level of the signal, determining the
energy level of the signal at which a circuit component in
series with the transducer experiences a change in elec-
trical characteristic that is disproportionate to change in
the energy level of the signal; and

using the determined energy level as a basis to set an
operational parameter of the medical device.

19. The method of claim 18, carried out automatically by a

controller.

20. The method of claim 19, wherein the controller is part
of the medical device.

21. The method of claim 18, wherein the medical device is
a middle-ear hearing assistance device, wherein the dispro-
portionate change in electrical characteristic of the circuit
component occurs as a result of a change in impedance of the
transducer, and wherein the change in impedance of the trans-
ducer occurs as a result of an acoustic reflex in the recipient.

22. The method of claim 21, wherein the operational
parameter comprises a maximum energy level of the signal.

23. The method of claim 18, wherein the circuit component
provides electrical protection for an implanted component of
the medical device.

24. The method of claim 18, wherein the circuit component
is arranged serve a function in the medical device beyond
being used in the method as a basis to determine the energy
level.

25. A middle-ear implant system with automatic self-con-
figuration functionality, the middle-ear implant system com-
prising:

a transducer arranged to be vibrationally coupled with a

middle ear within a human recipient;

a signal generator for providing a signal to drive the trans-
ducer;

a circuit component in series with the transducer and the
signal generator;

a controller configured to (i) progressively vary an energy
level of the signal provided by the signal generator, (ii)
upon varying the energy level of the signal, determine
the energy level of the signal when the circuit compo-
nent experiences a change in voltage or current that is
threshold disproportionate to change in the energy level
of the signal, and (iii) automatically set an operational
parameter of the middle-ear implant system based on the
determined energy level of the signal, whereby the
threshold disproportionate change in voltage or current
across the circuit component results from a threshold
change in impedance of the transducer.

26. The middle-ear implant system of claim 25, wherein

the circuit component comprises a diode or a resistor.
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27. The middle-ear implant system of claim 25, wherein
the operational parameter comprises a maximum energy level
of the signal.

28. The middle-ear implant system of the claim 25,
wherein the controller automatically sets the operational 5
parameter to a level that is a predefined delta higher than the
determined energy level.

29. The middle-ear implant system claim 28, wherein the
predefined delta is 20 to 30 dB.

30. The middle-ear implant system of claim 25, wherein 10
the circuit component provides electrical protection for an
implanted component of the middle-ear implant system.

31. The middle-ear implant system of claim 25, wherein
the circuit component is arranged to serve a function in the
middle-ear implant system beyond being used as a basis to 15
detect the threshold change in impedance of the transducer.
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